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Description 

[0001] The present invention relates to polyhydroxycarboxylic acid compositions. The present invention further re- 
lates to a process for the production of polyhydroxycarboxylic acids from carbohydrates by oxidation with an oxygen 
5 containing oxidant. More particularly the present invention relates to the oxidation of maltodextrins and hydrolysis 
products of starches. The invention further relates to oxidation products obtained from maltodextrins and the use thereof 
as co-builder in detergents. 

[0002] Oxidised starches are used widely in the paper and textile industries. The oxidation product is generally pro- 
duced by treating starch with hypochlorite in an alkaline aqueous medium. Alternatively, oxidised starches are produced 
10 by oxidation with periodate which cleaves the glucoside unit of starch between the C-2 and C-3 atoms which are then 
converted into aldehyde groups. The oxidised starch thus produced is used mainly in the production of paper. The 
paper which contains oxidised starch was found to retain good mechanical strength. 

[0003] Another potential application of oxidised starches or oxidised celluloses is the use as builders for detergents 
as described in German patent application DE-A-24 36 843. The products produced by oxidation with hypochlorite or 
15 periodate and subsequently with chlorite, contain multiple carboxylic acid groups in a single chain. This type of molecule 
has good sequestering powers. The use of this type of molecule is however limited by the finding that these substances 
become less biodegradable with increasing degree of oxidation. 

[0004] Other methods of catalytic oxidation of carbohydrates are known and include the use molecular oxygen to- 
gether with suitable catalysts. 

20 [0005] DE-B-21 23 621 describes a process for the production of aldonic acids by catalytic oxidation of sugar alcohols, 
which do not contain free aldehyde or ketone groups, with oxygen or with an oxygen containing gas, in an alkaline 
medium, in the presence of a noble metal catalyst, particularly platinum or palladium. 

[0006] EP-A-0 232 020 describes a process for the oxidation of water soluble saccharides to polyhydroxycarboxylic 
acids with molecular oxygen in an alkaline medium in the presence of a noble metal catalyst bound to an inert support, 

25 wherein the catalyst is doped with a metal of groups IV, V or VI of the periodic table, particularly Pb or Bi. 

[0007] The mentioned catalysts are expensive and therefore cannot be applied in commercial processes without 
regeneration. This problem was partly solved by developing methods wherein other, cheaper catalysts could be used. 
[0008] W092/18542 discloses a method of oxidising carbohydrates, characterised in that the oxidation is effected 
by means of an oxygen containing gas in an aqueous alkaline medium in the presence of a catalytic quantity of a metal 

30 ion selected from the metals of group VIII of the periodic table, copper and silver, and a substance which acts as a 
ligand for the metal ion. Preferred ligands are polydentate amines. 

[0009] EP-A-0 548 399 provides a method for the production of oxyacids from carbohydrates by catalytic oxidation 
with an oxygen containing gas, in an alkaline medium, characterised in that the oxidation is carried out by homogeneous 
catalysis in the presence of a catalytic amount of an ion of a transition metal selected from the group consisting of Cu, 
35 Cr, Co, Ni, Fe, V, Ti, Mn. 

[0010] DD 1 03373 and US 4,61 8,675 describe the uncatalysed oxidation of invert sugar, glucose and isomaltulose 
respectively. 

[0011] GB 2,075,502 and GB 1,425,822 describe the uncatalysed oxidation of glucose syrup mixtures (DE 20-85) 
and maltodextrins (DE 20) and the use of the products in cementatious compositions. 
40 [0012] From the above literature it becomes clear that a lot of effort has been made for improving oxidation of car- 
bohydrates. 

[0013] The present invention discloses that the combination of the use of molecules of partially degraded starch of 
appropriate molecular size and a non-catalysed oxidation reaction, results in a new product which shows very favour- 
able characteristics as a co-builder in detergents. 
45 [0014] The present invention provides a method for the oxidation of carbohydrates. The method is characterised in 
that an oxygen containing oxidant is used for the non-catalytic oxidation of maltodextrins having a DE value of less 
than 20, between 2 and 20, preferably between 11 and 14. 

[0015] The oxidants of the present invention are oxygen containing oxidants having a redox potential e 0 > 0.5 Volt. 
Preferred oxidants are oxygen or oxygen containing gas mixtures and hydrogen peroxide or hydrogen peroxide gen- 
50 erating sources. 

[0016] The present invention discloses a composition comprising polyhydroxycarboxylic acids obtained by non-cat- 
alysed oxidation of maltodextrins, with an oxygen containing oxidant. The composition is preferably bleached and 
neutralised. Bleaching is preferably performed with hydrogen peroxide and the neutralisation is performed with an acid 
preferably citric acid. The product of the present oxidation reaction shows after a bleaching step a considerably in- 
55 creased colour stability under conditions simulating the use as a co-builder in detergents. After repeated washing 
cycles whiteness is retained and the built-up of inorganic incrustation on the fabric is limited. 

[0017] Figure 1 shows the effect of the bleaching step for improving the initial colour, the alkaline colour, and in 
particular the alkaline colour stability of the product of the present invention. 
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[0018] Figure 2 shows the results of the whiteness measurements for washing powder without co-builder, a standard 
powder with the addition of 4 % (dry substance) of Sokalan CP5 (registered trade mark) and a standard powder with 
5% oxidised maltodextrin. 

[0019] Figure 3 shows the inorganic incrustation built-up as a function of the number of washing cycles for washing 
5 powder without co-builder, a standard powder with the addition of 4 % (dry substance) of Sokalan CP5 (registered 
trade mark) and a standard powder with 5% oxidised maltodextrin of the present invention. 

[0020] Carbohydrates, which constitute the substrate to which the oxidation method of the invention is applied, in- 
clude polysaccharides, particularly maltodextrines or starch hydrolyzates. 

The term starch covers native starches extracted from various plants such as potato, rice, tapioca, maize and cereals, 
10 particularly maize and potato starch. 

Hydrolysis products of starch are constituted by mixtures of oligomers with various numbers of glucose units, including 
glucose monomers. These starch hydrolyzates are easily obtainable, for example, by enzymatic hydrolysis, preferably 
with the use of endoenzymcs or by acid hydrolysis. 

[0021] The preferred substrates are maltodextrins with a DE of less than 20, preferably between 2 and 20, more 
15 preferably maltodextrins with DE = 11-14. The amount of substrate used during the oxidation reaction is generally 
between 5 and 60% wt (dry basis). 

[0022] The oxidation is best performed under alkaline conditions. The preferred bases, for use in the process of the 
invention, are alkali and earth-alkali metal hydroxides, particularly, sodium hydroxide and calcium hydroxide, amines 
such as ethylamine, diethylamine, triethylamine, and ammonia or quaternary ammonium hydroxides. Basic salt may 
20 also be used, such as sodium carbonate and bicarbonate, provided that they are added in an amount such as to achieve 
the desired alkaline conditions. The alkaline agent is added to the reaction medium in a concentration such as to obtain 
an initial pH in the range of from 7.5 to 1 4, preferably from 8 to 1 3 and such as to maintain alkaline conditions throughout 
the reaction and neutralise the oxyacids which constitute the reaction product. 

[0023] The temperature of the reaction may be as low as room temperature, the preferred temperature for performing 

25 the reaction is between 40 and 80°C. 

[0024] The product of the present oxidation reaction is composed of at least 50 % polymeric material. This material 
is a mixture of polyhydroxycarboxylic acids and further contains degradation products. The amount of polymeric ma- 
terial obtained was found to be higher than when a catalysed reaction is used. The polymeric material was found to 
have a DE value at least 50% lower than the starting material. DE values were generally below 5 and values below 1 

30 were commonly found. Acid hydrolysis was used to determine the structure of the polymeric material. It was found that 
the product was a maltodextrin wherein the reducing end was oxidised to arabinonic acid. 

[0025] The colour stability of the product of the present invention was considerably increased by applying a bleaching 
step. Bleaching was performed using hydrogen peroxide the resulting product was neutralised with an acid preferably 
citric acid. 

35 [0026] The product of the present invention was used in washing experiments a standard washing powder was used 
without co-builder, with Sokalan CP5 (registered trade mark) or with the present product as co-builder. After repeated 
washing cycles it was found that the fabric washed with the use of the product of the present invention as co-builder 
showed an almost 100% retained whiteness. Furthermore, also the amount of inorganic incrustation built-up was re- 
duced, when compared with the use of detergent without co-builder or with Sokalan CP5 (registered trade mark). 

40 [0027] Examples 1 and 2 illustrate the non-catalysed oxidation of maltodextrins using oxygen containing gas. The 
product contains a high amount of polymeric material which contains arabinonic acid as an end group. 
Example 3 is a comparative example wherein the oxidation is catalysed with an iron-EDTA catalyst. From Table 1 it 
becomes clear that the non-catalysed reaction gives a higher yield of desired polymer and less degradation product. 
Example 4 illustrates the non-catalysed oxidation using hydrogen peroxide as an oxidant. Examples 5 to 7 show that 

45 the amount of oxidised polymer and the amount of degradation products formed are pH dependent. The amount of 
degradation product is again lower than with the use of oxygen gas combined with the iron-EDTA catalyst. 
[0028] The oxidised carbohydrates of the present invention are suitable for use in paper and textile industries as 
binders or as thickening agents or as co-builders in detergents. 

Example 8 shows that the use of the oxidised maltodextrins of the present invention as a co-builder in washing tests 
50 results in an increased whiteness when compared with tests in the absence of a co-builder or in the presence of a 
standard polycarboxylate (Sokalan CP5 (registered trade mark)). Even after 20 washing cycles there is no decrease 
in whiteness. It is further shown in this example that the amount of inorganic incrustation built-up is lower when oxidised 
maltodextrins are used. 

55 EXAMPLE 1 

[0029] The oxidation of maltodextrin with oxygen is performed in a 2 I glass autoclave with heating jacket, provided 
with a stirrer, a temperature control unit and an oxygen diffuser. 
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In the reactor, 400 g maltodextrin (dextrose equivalent value [DE] = 11-14) is dissolved in 0.51 demineralised water. 
The maltodextrin solution is saturated with oxygen gas. 306 g of a 45 % w/w NaOH solution (molar ratio NaOH/anhydro 
glucose unit = 1 .4/1) is added to the maltodextrin solution. The oxygen pressure is adjusted to 2 bar and heating of 
the reaction mixture to 60 °C is started. The colour of the reaction mixture changes from yellow to brown due to the 
5 very high alkalinity. After 3 hours stirring at 60 °C under 2 bar oxygen pressure, the reaction is stopped, having a pH 
value of 11 .0. 

In order to improve the colour of the reaction mixture, a bleaching with 40.0 g of a 30 % hydrogen peroxide solution is 
performed at 60 °C. The resulting yellow coloured solution is eventually neutralised with for instance 42.5 g citric acid 
monohydrate. Surplus carbonate is removed by the addition of this acid and escapes quantitatively in the form of carbon 
10 dioxide. 

[0030] The analytical results obtained before bleaching and neutralisation are summarised in table 1. The number 
of reducing end groups, expressed as dextrose equivalent, is strongly reduced and amounts to 0.92. The reaction 
mixture is composed of 56 % polymeric material and 44 % degradation products being C0 2 , formic acid, glycolic acid, 
glyceric acid, and dihydroxy butyric acid. 
15 Acid hydrolyses of the polymeric material enables the determination of the structure, being a maltodextrin whereby the 
reducing end is oxidised to arabinonic acid. 

EXAMPLE 2 

20 [0031 ] The procedure of example 1 is repeated at 80 °C and with increased alkali content (molar ratio NaOH/anhydro 
glucose unit=2/1). 

In the reactor, 200 g maltodextrin (DE value = 1 1 -1 4) is dissolved in 0.8 1 demineralised water. The maltodextrin solution 
is saturated with oxygen gas. 222 g of a 45 % w/w NaOH solution is dosed to the maltodextrin solution. The reaction 
mixture is heated to 80 °C and the oxygen pressure is adjusted to 2 bar. After 3 hours stirring at 80 °C under 2 bar 
25 oxygen pressure, the reaction is stopped having a pH of 11.1. The reaction mixture is bleached with 6.7 g of a 30 % 
hydrogen peroxide solution. The reaction mixture is neutralised with 45.54 g citric acid monohydrate and 4.45 g sul- 
phuric acid 96 %. 

[0032] The analytical results, summarised in table 1 , show a reduced DE value of 0.15, a polymer content of 63 %, 
and a total sum of 37 % degradation products. The structure of the reaction product is found to be identical to the 
30 product of example 1 . 

EXAMPLE 3 (Comparative example) 

[0033] The procedure of example 2 is repeated in presence of an iron-EDTA catalyst. As catalyst FeS0 4 .7H 2 0 and 
35 0.90 g Na 2 EDTA.2H 2 0 are added to the maltodextrin solution. 

[0034] The analytical results, summarised in table 1 , indicate a low polymer content of 44 %, a high content of deg- 
radation products of 56 % and a DE value of 0.78. The structure of the reaction product is identical as in example 1 . 

EXAMPLE 4 

40 

[0035] The oxidation of maltodextrin with hydrogen peroxide is performed in a 2 I glass reactor with a heating jacket, 
provided with a mechanical stirrer, a thermometer, a dosing pump for hydrogen peroxide, a pH control unit and a base 
delivery system. 

In the reactor, 400 g maltodextrin (DE value = 11-14) is dissolved in 0.45 I demineralised water. The maltodextrin 
45 solution is heated to 60 °C and adjusted initially to pH 12 by dosing a 45 % w/w aqueous NaOH solution. 159 ml of a 
30 % hydrogen peroxide solution is dosed continuously over a time period of 3 hours to the maltodextrin solution (molar 
ratio hydrogen peroxide/reducing end group of maltodextrin = 6/1 ). During the dosing of hydrogen peroxide, the reaction 
temperature is controlled and kept constant at 60 °C, while the pH is adjusted to 11 .2 +/- 0.1 by dosing NaOH 45 % 
w/w solution. The total consumption of 45 % w/w NaOH solution amounts to 1 90 ml. The reaction is continued until all 
50 hydrogen peroxide is consumed, typically after 3.5 hours. The colour of the reaction mixture is orange to brown. 

In order to improve the colour of the reaction mixture itself and the colour stability under alkaline processing conditions, 
a bleaching step with 1 3.5 g of a 30 % hydrogen peroxide solution is performed at 60 °C. The pH controller was switched 
off, and the pH value was allowed to drop, typically to a value of 1 0.5. The resulting faintly yellow coloured solution is 
eventually neutralised with 18.8 g citric acid monohydrate. 
55 [0036] The analytical results obtained before bleaching and neutralisation are summarised in table 2. The DE value 
is reduced to 0.62 after the reaction. The reaction mixture is composed of 67 % polymeric material and 33 % degradation 
products being C0 2 , formic acid, glycolic acid, glyceric acid and dihydroxy butyric acid. 

Acid hydrolyses of the polymeric material shows that the structure of the reaction product of the oxidation with hydrogen 
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peroxide is identical to the reaction product resulting from an oxidation with oxygen gas as described in example 1 or 2. 
[0037] The initial colour of the product is measured at 9% dry substance in demineralised water. The alkaline colour 
of the product is measured in a 20% w/v solution of sodium carbonate, pH approx. 12, at a co-builder dry substance 
concentration of 9%. The alkaline colour stability is measured by incubating the solution as prepared for the alkaline 
colour test for 30 minutes at 80°C. All colour measurements were taken at 420 nm using a spectrophotometer using 
a 1 cm cell. 

[0038] In Figure 1 the effect of the bleaching step for improving the initial colour, the alkaline colour, and in particular 
the alkaline colour stability is demonstrated. 

EXAMPLES 5-7 

[0039] The procedure of example 4 is repeated at 80 °C and at different pH's 11, 10.5 and 10.0. The reaction con- 
ditions of the examples 5 to 7 and the obtained results are summarised in table 2. Decreasing the pH from 11 to 10.5 
and 10.0, results in reaction products with increasing polymer content 51.4 %, 59.0 % and 64.0 % respectively and 
increasing DE values of 0.70, 2.5 and 3-3 respectively. 

EXAMPLE 8 

[0040] The washing performance of the product obtained in Example 4 was evaluated using a Linitest laboratory 
dyeing and washfastness testing machine. 
[0041] Test conditions: 

washing program at 60°C 

linen load: each container (in total 8) was filled with 5 pieces of white cotton tissue, 

1 piece of cotton soiled with tea, and 1 piece with sebum fat, size: 5X5cm 
water hardness: 25° French hardness 

detergent: standard zeolite built washing powder without co-builder, 5g/L 
concentration of the co-builder: 4% dry substance, based on the amount of detergent 
washing time: 1 hour 

the machine was washing in two directions using a toggle switch 
rinsing: 3 times for 5 minutes 

[0042] After each washing cycle, the tissues were dried and ironed. Evaluation of the tissues was done after 5, 10 
and 20 washing cycles. The greying inhibition of the co-builder was determined by measuring the whiteness with a 
Minolta Spectrophotometer in the L,a,b mode. The inorganic incrustation was evaluated by determining the remaining 
ashes after burning the tissues at 1000°C for 3 hours. 

As standards, the washing powder without co-builder, and a standard powder with the addition of 4 % (dry substance) 
of Sokalan CP5 (registered trade mark) were used. In Figure 2 the results of the whiteness measurements are shown, 
in Figure 3 the inorganic incrustation in dependence of the washing cycle is shown. 
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Claims 

1. A method for the production of oxidised maltodextrins wherein a maltodextrin with a DE value between 2 and 20 
is treated with an oxidising agent under alkaline conditions, and wherein the oxidising agent is an oxygen containing 
oxidant with a redox potential (under alkaline conditions) e 0 >+0.5 volt, characterised in that the oxidised malto- 
dextrin is a maltodextrin wherein the reducing end is oxidised to arabinonic acid. 

2. A method for the production of oxidised maltodextrins according to claim 1 characterised in that the oxidised 
product is bleached and neutralised. 

3. A method according to claim 1 or 2 characterised in that the oxidant is oxygen gas or an oxygen containing gas 
mixture. 

4. A method according to claim 1 or 2 characterised in that the oxidant is hydrogen peroxide or a hydrogen peroxide 
source. 

5. A method according to any one of claims 1 to 4 characterised in that the initial pH is between 7.5 and 14. 

6. A method according to any one of claims 1 to 5 characterised in that the oxidation is performed in a mixture 
having a dry substance content between 5 weight % and 60 weight %. 

7. A method according to any one of the previous claims characterised in that the maltodextrin has a DE between 
11 and 14. 

8. An oxidation product in the form of a polyhydroxycarboxylic acid composition comprising citric acid and a polyhy- 
droxycarboxylic acid with a DE of less than 5 obtainable by the method of claim 1 . 

9. A detergent composition containing the oxidation product of claim 8 as a co-builder. 

10. Use of the oxidation product of claim 8 or 9 as a binder in paper, as a thickening agent or as a co-builder in 
detergents. 



Patentanspriiche 

1. Verfahren zur Herstellung von oxidierten Maltodextrinen, wobei ein Maltodextrin mit einem DE-Wert zwischen 2 
und 20 mit einem Oxidationsmittel unter alkalischen Bedingungen versetzt wird und wobei das Oxidationsmittel 
ein sauerstoffhaltiges Oxidationsmittel mit einem Redoxpotential (unter alkalischen Bedingungen) £ 0 > +0,5 V ist, 
dadurch gekennzeichnet, dass das oxidierte Maltodextrin ein Maltodextrin ist, bei dem das reduzierende Ende 
zu Arabinonsaure oxidiert wird. 

2. Verfahren zur Herstellung von oxidierten Maltodextrinen nach Anspruch 1, dadurch gekennzeichnet, dass das 
oxidierte Produkt gebleicht und neutralisiert wird. 

3. Verfahren nach Anspruch 1 oder Anspruch 2, dadurch gekennzeichnet, dass das Oxidationsmittel Sauerstoffgas 
oder eine sauerstoffhaltige Gasmischung ist. 

4. Verfahren nach Anspruch 1 oder Anspruch 2, dadurch gekennzeichnet, dass das Oxidationsmittel Wasserstoff- 
peroxid oder eine Wasserstoffperoxidquelle ist. 

5. Verfahren nach einem der Anspruche 1 bis 4, dadurch gekennzeichnet, dass der Anfangs-pH zwischen 7,5 und 
14 liegt. 

6. Verfahren nach einem der Anspruche 1 bis 5, dadurch gekennzeichnet, dass die Oxidation in einer Mischung 
mit einem Trockensubstanzgehalt von 5 Gew.-% bis 60 Gew.-% durchgefuhrt wird. 

7. Verfahren nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass das Maltodextrin einen 
DE-Wert zwischen 11 und 14 hat. 
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8. Oxidationsprodukt in Form einer Polyhydroxycarbonsaurezusammensetzung mit Citronensaure und einer Poly- 
hydroxycarbonsaure mit einem DE von weniger als 5, erhaltlich mit dem Verfahren von Anspruch 1 . 

9. Detergenzzusammensetzung enthaltend das Oxidationsprodukt von Anspruch 8 als Co-Geruststoff. 

10. Verwendung des Oxidationsproduktes von Anspruch 8 oder Anspruch 9 als Bindemittel fur Papier, als Verdik- 
kungsmittel oder als Co-Geruststoff in Detergenzien. 



Revendications 

1. Procede de production de maltodextrines oxydees, dans lequel une maltodextrine ayant une valeur DE comprise 
entre 2 et 20 est traitee a I'aide d'un agent oxydant sous des conditions alcalines, et dans lequel I'agent oxydant 
est un oxydant contenant de I'oxygene ayant un potentiel d'oxydo-reduction (sous des conditions alcalines) e 0 > 
+0,5 volt, caracterise en ce que la maltodextrine oxydee est une maltodextrine dans laquelle I'extremite reductrice 
est oxydee en acide arabinonique. 

2. Procede de production de maltodextrines oxydees selon la revendication 1, caracterise en ce que le produit 
oxyde est blanchi et neutralise. 

3. Procede selon la revendication 1 ou 2, caracterise en ce que I'oxydant est de I'oxygene gazeux ou un melange 
de gaz contenant de I'oxygene. 

4. Procede selon la revendication 1 ou 2, caracterise en ce que I'oxydant est du peroxyde d'hydrogene ou une 
source de peroxyde d'hydrogene. 

5. Procede selon I'une quelconque des revendications 1 a 4, caracterise en ce que le pH initial est compris entre 
7,5 et 14. 

6. Procede selon I'une quelconque des revendications 1 a 5, caracterise en ce que I'oxydation est effectuee dans 
un melange ayant une teneur en matiere seche comprise entre 5 % en poids et 60 % en poids. 

7. Procede selon I'une quelconque des revendications precedentes, caracterise en ce que la maltodextrine a une 
valeur DE comprise entre 11 et 14. 

8. Produit d'oxydation ayant la forme d'une composition d'acide polyhydroxycarboxylique comportant de I'acide ci- 
trique et un acide polyhydroxycarboxylique ayant une valeur DE inferieure a 5 pouvant etre obtenu par le procede 
selon la revendication 1 . 

9. Composition detergente contenant le produit d'oxydation selon la revendication 8 en tant que co-adjuvant. 

10. Utilisation du produit d'oxydation selon la revendication 8 ou 9 en tant que liant dans un papier, en tant qu'agent 
epaississant ou en tant que co-adjuvant dans des detergents. 
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